Gelastic seizures, usually with onset in early infancy, are the hallmark manifestation of hypothalamic hamartoma. This seizure type is directly generated by hamartoma itself, intrinsically epileptogenic because of its anatomofunctional organization. Other types of seizures, focal or generalized, may appear during the evolution, probably resulting from mechanisms of secondary epileptogenesis. Nevertheless, the clinical expression and the severity of the syndrome, ranging from a focal drug-resistant epilepsy to a catastrophic generalized encephalopathy with severe cognitive and behavioral impairments, depends on the size and the site of attachment of the hamartoma. Early suspicion, timely diagnosis, and appropriate treatment are mandatory to reverse a potential catastrophic evolution of this condition.
Berkovic et al. 1 first described the syndrome "earlyonset gelastic epilepsy, HH and precocious puberty" evolving toward a catastrophic epileptic encephalopathy, featuring a Lennox-Gastaut-like syndrome with cognitive impairment and severe behavioral disturbances. However, it became later evident that the association between GS and HH may identify a wider spectrum of clinical conditions.
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The Onset: Gelastic Seizures
Gelastic seizures
Gelastic seizures (GS) are the distinctive seizure type and the first symptom in the most of patients with HH. Trousseau (1868) first recognized that compulsive bursts of laughter could be of an epileptic nature: ". . .Il [un jeune garcon epileptique] fut pris de vertiges caract eris es par des eclats de rire saccad es; l'acc es dura a peine quelques secondes et le malade, reprenant imm ediatament sa connassaince, paru tr es etonn e. . .; il n'avait aucune conscience de ce qu'il venait de faire" [He, (an epileptic boy) experienced episodes characterized by bursts of laughter; seizure lasted only a few seconds and the patient, rapidly recovering, seemed very surprised. . .; it was not aware of it happened] [quoted by Marchand 5 ]. In 1957, Daly and Mulder first used the term gelastic epilepsy (GE) to describe two patients featuring pathologic laughter as the main seizure type. In 1971, Gascon and Lombroso defined the characteristics of GS: "stereotypic recurrence of ictal laughter, inadapted to context, associated with other signs compatible with seizure and with ictal/interictal EEG abnormalities" [references in Striano et al. 6 ]. Tran et al. 7 showed that ictal laughter of cortical origin is a poorly lateralizing and localizing feature, as it may occur in left or right frontal, temporal, parietal, and insular epilepsy. In patients with HH, gelastic seizures usually present in the first years of life and their frequency is generally high, sometimes occurring in clusters. Seizures are usually brief and quite stereotyped; laughter is usually mechanical (i.e., without sense of mirth) and with no impaired consciousness; and autonomic signs, such as facial flushing and pupillary dilation, are frequently observed. 8 Ictal hormonal changes have also been reported, according to an abrupt sympathetic system activation or an abrupt dysfunction of the hypothalamopituitary axis with an ictal pulse of gonadotropins, 17b-estradiol and growth hormone. GS may appear in some cases later in the life, and can also be quite subtle, being referred by patients with small HH just as a "pressure to laugh." 9, 10 Crying (or dacrystic) seizures Crying (or dacrystic) seizures may be also observed in patients with HH and are an almost unfailing clue of the presence of HH if associated with gelastic seizures.
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Scalp EEG findings
Gelastic seizures are usually associated with no or slight electroencephalography (EEG) changes except from flattening of background activity, probably due to the "diencephalic" origin of the ictal discharge. 12, 13 However, interictal focal/multifocal, mainly temporal or frontal, or diffuse paroxysmal activity is often observed.
Beyond Gelastic Seizures: Other Seizure Types, Cognitive/ Behavioral Issues, Precocious Puberty
Additional seizure types Gelastic seizures tend to be overall less frequent in older patients, 6 but about 75% of patients with gelastic seizures and HH will develop other types of seizures, 2,14 more commonly focal seizures with frontal or temporal lobe onset (Fig. 1) . This is probably dependent on the tight connections of HH through mammillary bodies (temporal lobe) or to the medial hypothalamus (frontal lobe). In the typical catastrophic evolution toward a secondary generalized Lennox-Gastaut-like epilepsy, atypical absences, atonic, mainly sleep-related tonic, and tonic-clonic, seizures are usually observed. The occurrence of infantile spasms or electrical status epilepticus during sleep is rare [reviewed in Mullatti et al. 2 ].
Precocious puberty
The classical GS-HH syndrome includes endocrine disturbances, that is, central precocious puberty related to ectopic gonadotropin-releasing hormone (GnRH) neurons or
Key Points
• Gelastic seizures (GS) are an early marker of hypothalamic hamartoma (HH), even if not exclusive of this condition • Early onset GS related to HH can evolve toward a generalized epileptic encephalopathy with cognitive regression and behavioral disorders; precocious puberty is not a constant feature • Depending on the size and the site of attachment of the lesion, GS-HH syndrome can also evolve toward a focal drug-resistant epilepsy • GS are related to intrinsic epileptogenicity of HH, and subsequent evolution seems related to a process of secondary epileptogenesis • Complete HH ablation can reverse this unfavorable evolution; other non-conventional surgical procedures are effective in about 40-50% of cases • An early treatment is crucial for prevention/regression of secondary epileptogenesis and to avoid neuropsychological and behavioral disturbances transforming growth factora-producing astroglial cells, which lead to premature activation of pulsatile GnRH release. However, the prevalence of neurological and endocrine abnormalities differs considerably in patients referred to neurology or endocrine clinics. Overall, about 40% of patients with neurologic features develop precocious puberty during their clinical course, whereas patients evaluated in an endocrinologic setting show a less severe neurologic involvement, including normal cognition/behavior and lack of epilepsy/EEG abnormalities. 2 The difference could be related-at least in part-to the high frequency of pedunculated HH in endocrinologic patients and of sessile HH in neurologic patients.
Cognitive and behavioral disturbances
Children with GS-HH are cognitively normal before epilepsy but often develop behavioral and psychiatric features, which correlate with epilepsy severity and the occurrence of EEG abnormalities. A large spectrum of severity of cognitive deficits has been described, typically including major behavioral problems with pervasive developmental and attention deficit disorder associated with aggression, rage attacks, and hyperactivity. 6, 15 The most frequent psychiatric diagnosis among adults is major depressive and anxiety disorders and, more rarely, psychosis or severe personality disorders. However, patients with late-onset epilepsy or small HH may do not usually display any cognitive impairment or behavioral disturbances. 6, 15 If cognitive and psychiatric disturbances are directly related to HH also in the absence of epilepsy or in well-controlled epilepsy is an intriguing issue, even with significant therapeutic implications. 16, 17 Conclusions After the initial demonstration by Munari et al. 18 that ictal discharges associated with gelastic seizures arise within the HH lesion itself, several neurophysiologic and Early onset gelastic and dacrystic seizures with evolution to focal seizures and behavioral abnormalities. Left: HH (11 mm diameter) attached to the left mammillary body. Right: EEG showing a left frontotemporal focus. In the middle: interictal positron emission tomography showing two areas of hypometabolism, one consistent with HH, the other with EEG focus (arrows). During the evolution of the syndrome, gelastic seizures decreased in the frequency but complex focal seizures persisted despite polytherapy. Cyberknife surgery performed at age of 40 years was ineffective. Epilepsia ILAE functional neuroimaging studies have confirmed that HH is intrinsically epileptogenic. 19 Moreover, due to its anatomic and functional connections of the hypothalamus with frontal lobes, limbic circuitry, and the thalamus, HH gives rise to a subsequent evolution of epilepsy: other type of seizures may occur, probably as result of secondary epileptogenesis mechanism. Therefore, the following evolution is towards a clinical spectrum, ranging from a focal drug-resistant epilepsy to a catastrophic epileptogenic encephalopathy associated with severe cognitive and behavioural impairment. Consequently, HH is an excellent human model for subcortical epilepsy and is a clinical model for studying secondary epileptogenesis and epileptic encephalopathy. 20 Notably, the potential unfavorable evolution can be stopped or even reverted by surgical ablation of HH, which make this syndrome a good example of a potentially treatable epileptic encephalopathy. However, the effect of HH ablation on seizures and paroxysmal activity can be delayed, suggesting a model of running-down phenomenon as already described in temporal lobe epilepsy surgery. Whether cortical discharges derive from the propagation of the epileptiform activity of HH or are generated independently as a late consequence of a long-lasting stimulation arising from HH, is an intriguing question. The latter hypothesis, consisting of a kindling model of epileptogenesis, introduces the variable "time" in the prognosis of the syndrome after surgery. Scholly et al. 21 recently highlighted that successful surgery is often achievable for children with HH and should be performed as early as possible. The same authors also introduced the concept of hypothalamic plus epilepsy that would be related to a functional and permanent alteration of extra-hypothalamic structures, such as the frontal or temporal lobes. These patients might benefit from two-step surgery, firstly approaching the HH and then aimed to the other epileptogenic brain region(s). Nevertheless, an early diagnosis is crucial for selecting the best surgical treatment, possibly individualized to the patient's clinical course and lesion's anatomy to minimize long-term cognitive impairment and behavioral disturbances associated with potentially catastrophic condition.
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